Background: Obesity is the most common chronic metabolic disease in children and adolescents. It has reached epidemic ranges and is a significant global problem. Objective: This study aimed to investigate the possible metabolic disturbances in children and adolescents with obesity and severe obesity. Subjects and methods: This cross-sectional study included 158 (82 boys, 76 girls) obese children and adolescents between ages of 0 and 17years (10.43 ± 3.11 years). The obesity was defined according to the sex-and age-specific growth charts proposed by the Centers for Disease Control and Prevention as BMI ≥ 95th percentile. Severe obesity was classified as 120% of the 95th percentile for age and sex. Study participants underwent medical assessment and analysis of: ALT, AST, fasting serum triglycerides, total serum cholesterol, fasting plasma glucose and plasma glucose from oral glucose tolerance test. Results: The majority of study participants were severely obese (69.92%). The highest distribution of abnormal biochemical results was seen in elevated ALT (53.91%) followed by elevated triglycerides (34.75%). The prevalence of abnormal total cholesterol level was significantly higher (p=0.04) in the group of obese children compared to the severely obese children. The levels of total cholesterol were also statistically higher in the group of adolescents compared to preadolescents (p=0.02). An important number of obese patients (2.5%) and even higher number of severely obese patients (5.26%) had carbohydrate intolerance. Conclusion: There was a significant elevation of ALT, total serum cholesterol and triglycerides in all study participants. High serum lipids and high hepatic enzymes (as introduction in non-alcoholic fatty liver disease) are alarming. Strikingly, there was carbohydrate intolerance in an important number of patients. Treatment and education of patients and parents is mandatory. Preventive measures in the society concerning childhood obesity are necessary.
INTRODUCTION

PARAMETERS OF METABOLIC SYNDROME IN OBESE CHILDREN AND ADOLESCENTS
Obesity is defined as an excess of adipose tissue accumulation to the level that could impair health. [1] Over the last few decades, obesity has been considered to be epidemic and reached pandemic proportions. The worldwide number of obese children and adolescents since 1980 has risen from 921 million up to the level of 2.1 billion, [2] while in 2016, 41 million children younger than 5 years were considered overweight or obese. [1] Some studies indicate that there is some evidence for stabilization and plateauing of pediatric obesity, but still confirms that its prevalence remains high. [3, 4, 5] Despite the plateauing in childhood and adolescent obesity, the prevalence of severe obesity in this age group has also been shown to be increased. [6] Severe obesity affects between 4-6% of children in the United States of America and shows an increasing trend. [7] Obesity in childhood and adolescence is associated with many metabolic and adverse longterm complications that reflect in adulthood. There is growing body of evidence suggesting that the degree of obesity also affects metabolic health of children and adolescents. Children and adolescents who were obese from childhood to adulthood were associated with increased risk of many metabolic abnormalities and type 2 diabetes mellitus, suggesting that obese individuals show unfavorable metabolic profile that is associated with high cardiovascular risk. [8] Moreover, children with high BMI have an increased risk for obesity later in adulthood. [9] The degree of obesity also negatively impacts the metabolic profile of obese children. [10, 11, 12] Further classifying pediatric obesity could be used as an effective tool for predicting comorbidities. [13] Children having severe obesity exhibit significantly more unfavorable cardio metabolic profile than children with obesity. [14] However, there is one study that came to unexpected results where that degree of obesity had no impact on the metabolic profile of severely obese adults. Even more, in this study, very severely obese adults had more favorable metabolic parameters than the severely obese group. [15] This study aimed to investigate the metabolic laboratory parameters in children and adolescents with obesity and severe obesity.
METHODS
This cross-sectional study obtained data of various metabolic parameters from obese and severely obese children and included retrospective and prospective analysis of medical records of obese children and adolescents admitted at our hospital for regular obesity evaluation since the electronic database was available at the University Clinic of Child Diseases -Skopje. Patients' histories from November 2009 until July 2017 were evaluated. The study was conducted according to the Declaration of Helsinki and was approved by the Ethical Committee of the Faculty of Medicine of the University "Ss. Cyril and Methodius" -Skopje, Macedonia.
Study sample
The study comprised of 158 obese children and adolescents (Table 1) .
Inclusion and Exclusion criteria
Inclusion criteria for participant enrollment was obesity, as defined from the sex-and agespecific growth charts provided by the Centers of Disease Control and Prevention (CDC) -Body Mass Index ≥ 95th percentile. [16] Exclusion criteria were as follows: diabetes, congenital hyperlipidemia, long-term corticosteroid treatment, Cushing's disease and Cushing's syndrome.
Obesity classification
Children aged <2 years were considered obese if the weight for recumbent length was 97.7 th percentile according to the World Health Organization (WHO) growth standards. [17] Obesity in children >2 years was classified according to the age-and sex-growth charts proposed by the Centers of Disease Control and Prevention, as BMI ≥ 95th percentile for sex and age, [16] while severe obesity was defined as 120% of the 95th percentile for age and sex. [7] Age groups Patients were further divided in two subgroups: preadolescents, aged 4-11 years and adolescents, aged 12-18 years. [18] Clinical examinations All clinical examinations were performed by experienced pediatricians together with welltrained medical personal. Participants' body weight (to the nearest 0.1 kg) and height (to the nearest 0.1 cm) were measured barefoot with light clothing according to the standard procedures. In children aged < 2 years, the recumbent length was measured to the nearest cm. Body Mass Index was calculated according to the standard formula as weight (kilograms) divided by height (meters) squared.
OGTT test
The oral glucose tolerance test was performed according to the recommendations of the WHO. The glucose load was 1.75 g of glucose per kg body weight up to a total of 75 g of glucose.
Blood samples were obtained at 0 and 120 minutes for the measurement of glucose. [19] Laboratory analysis Venous blood samples were collected following standard procedures from the antecubital vein after overnight fasting of 10-12 hours. The samples were analyzed for concentrations of: plasma glucose, total serum cholesterol, serum triglycerides, serum alanine amino trasnferase (ALT) and serum aspartate aminotransferase (AST). Two hours after the performance of OGTT, blood samples were obtained and plasma glucose concentration was determined. All blood samples were analyzed in clinical chemistry analyzer AR-CHITECT c4000 (Abbott Diagnostics).
Definitions of abnormal values
For defining abnormal laboratory parameters we followed the following criteria: for ALT according to Schwimmer et al. (2010) , >25 U/L (boys) and >22 U/L (girls); [20] AST, according to the American Academy of Pediatrics, >80 U/L (boys and girls up to 24 months), >40 U/L (boys older than 24 months) and >35 (girls older than 24 months); [21] for total cholesterol and triglycerides according to the Expert Panel Summary Report: total cholesterol (mg/dL), <170 (acceptable), 170-199 (borderline high), ≥200 (high); triglycerides -0-9 years (mg/dL) <75 (acceptable), 75-99 (borderline high), ≥100 (high), and 10-19 years (mg/ dL) <90 (acceptable), 90-129 (borderline high), >130 (high). [22] Fasting plasma glucose according to the American Diabetes Association, ≥5.6 but <7 mmol/L (prediabetes), ≥7 mmol/L (diabetes). At two hours post oral glucose tolerance test: ≥7.8 but <11.1 mmol/L (prediabetes) and ≥11.1 mmol/L (diabetes). [23] Definitions of abnormal levels are presented in Table 1 .
Statistical analysis
Descriptive statistics are presented as frequencies and percentages for categorical data and mean ± standard deviation for continuous data. Before data analysis Smirnov-Kolmogorov and Shapiro-Wilk normality tests were performed in order to examine the data distribution of the sample size. For normally distributed data, comparison of the mean values was done using T test while the correlation was investigated using the Pearson correlation. Mann-Whitney U-test and Spearman rank correlation was used for data not normally distributed. The differences of distribution of abnormal metabolic parameters among study groups were examined using the Pearson Chi square test. Analysis was completed by using the statistical software package STATISTICA version 8.0. P values <0.05 were considered statistically significant. Table 1 presents the adequate cohort size and the definition of abnormal levels for each laboratory parameter. ALT, alanine aminotransferase; AST, aspartate aminotrrasferase; TC, total cholesterol; TG, triglycerides; FPG, fasting plasma glucose; 2-h G, plasma glucose two hours post the glucose load during the oral glucose tolerance test; † boys and girls up to 24 months; † † older than 24 months; # in order to convert mg/dL to mmol/L values of total cholesterol and triglycerides were multiplied by 0.0259 and 0.0113, respectively. Table 2 presents the descriptive statistics of patients admitted at the University Hospital for Child Diseases -Skopje, Macedonia. The final study sample consisted of 158 obese children and adolescents with mean age 10.43±3.11. As shown in Table 2 , the majority of study participants were considered severely obese (69.92%). Higher percentage of boys was severely obese, although the difference between boys and girls was not significant (70.73% boys, 68.42% girls). The group of preadolescents and adolescents consisted of different sample size (154 participants). The proportion of preadolescents (prepubertal) was also higher in boys, but there was not a statistically significant difference. The BMI was significantly higher in girls than in boys (p=0.02). Table 3 shows biochemical laboratory measurements among children and adolescents participating in the study. The levels of ALT, AST and plasma glucose two hours after the oral glucose tolerance test were higher in the severely obese group, while the levels of total cholesterol, triglycerides and fasting plasma glucose were higher in the obese study group. These differences were only significant for the total cholesterol. The levels of ALT and AST were also significantly higher in girls compared to boys. Other laboratory parameters showed no statistically significant differences. The level of total cholesterol was shown to be significantly higher in the age group ≥12 years compared to the group aged 4-11 years.
RESULTS
>80 U/L † >40 U/L (boys) † † >35 U/L (girls) † † TC (mmol/L)
Characteristics
All (n=158) Boys (n=82) Girls (n=76) p-value n (%) or mean ± (SD) n (%) or mean ± (SD) n (%) or mean ± (SD) Table 4 shows the distribution of abnormal laboratory parameters among different study groups. The prevalence of abnormal total cholesterol level was significantly higher in the group of obese children. Abnormal levels of ALT were higher in severely obese children, but this difference was not statistically significant. Abnormal levels of fasting plasma glucose were also seen more frequently in boys compared to girls (p=0.03). Comparison of the distribution of abnormal biochemical parameters between the two age groups (preadolescents, < 12 and adolescents ≥ 12 years) did not reveal any statistical significance.
* Group comparison was examined using Mann-Whitney U test for continuous data; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TC, total cholesterol; TG, triglycerides; FPG, fasting plasma glucose; 2-h G, plasma glucose two hours post the glucose load during the oral glucose tolerance test. x. Correlation analyses are shown in Table 5 . There were no statistically significant correlations between BMI values and laboratory parameters. 
Table 4. Distribution (%) of abnormal laboratory parameters between different study groups
Obesity class ALT (U/L) AST TC (mmol/L) TG (mmol/L) FPG (mmol/L) 2-h G (mmol/L) (U/L)
DISCUSSION
Overall, almost 70% of obese children included in our study have been considered severely obese (>120% of the 95th percentile). Severe obesity was common in both, boys and girls, in our study sample.
Slightly more boys were considered severely obese than girls. These results are consistent with the results of other studies. [24, 25] According to the results of a large cross-sectional study, remarkable differences were noted between males and females, supporting further classification of severe obesity, especially in boys. [11] Also, their results show that obese male participants had higher prevalence of abnormal triglyceride level, glycosilated hemoglobin level and systolic blood pressure than female participants. However, there is one study reporting obesity to be higher in girls. [26] Dyslipidemia is highly associated with pediatric obesity. [8, 27, 28] Childhood obesity has been shown to be associated with metabolic syndrome, too. [29] Our results indicate that obese children and adolescents have significantly higher total cholesterol levels when compared to severely obese. Also, the prevalence of abnormal total cholesterol was found to be significantly higher in the obese group when compared to the severely obese group. Our findings are consistent with the results of Salvatore et al., where the prevalence of the total and LDL cholesterol did not trend with the severity of obesity, indicating the limited usefulness of these two parameters. Similarly to what we have found, abnormal total cholesterol was highest among children within obesity class I. Moreover, in this study the prevalence of total cholesterol was also higher in overweight compared to obese children with a distribution of 66.7% and 47.7 %, respectively. [13] Also, another study has shown that total cholesterol did not differ among different classes of severely obese and non -obese controls. [30] Contrary to our results, a study conducted on 463 obese children and adolescents did not reveal statistical significance considering the level of total cholesterol according to the severity of obesity. This same study found statistically higher triglycerides levels in severely obese compared to moderately obese children. [31] However, one large cross-sectional study that investigated cardiometabolic risks in severely obese children and young adults showed that the prevalence of abnormal total cholesterol levels did increase significantly with the severity of obesity. [11] A cross-sectional study evaluating cardiometabolic profile of 854 high school students found hypertension in 11%, impaired glucose metabolism in 9%, hypertriglyceridemia in 9% and hypercholesterolemia in 5 % of the study population, advocating the need for lifestyle changes. [32] Another nationwide prospective surveillance study has shown that at least one cardiovascular risk factor was present in 67% of children and adolescents with severe obesity whereas hypertension was the most frequently found, 56%. [24] Participants aged ≥12 years have higher prevalence of abnormal total cholesterol compared to participants < 12 years, although the difference was not significant. In addition, adolescents also have significantly higher total cholesterol levels. A study that investigated the high cardiovascular risk in severely obese children found that cardiovascular risk factors were more present in boys aged ≥ 12 years. [24] In our study, higher prevalence of elevated ALT, and high triglycerides was more common among preadolescents, while abnormal total cholesterol, fasting plasma glucose and plasma glucose two hours after OGTT performance, were higher among adolescents. PARAMETERS OF METABOLIC SYNDROME IN OBESE CHILDREN AND ADOLESCENTS The most common abnormal laboratory parameters in the whole study group were high ALT levels (53.91%) followed by high triglycerides (34.75%). This is in accordance with the high prevalence of high triglycerides (11.2%) in the study of Makkes et al. [12] Children with obesity tend to have increased fasting glucose, insulin and insulin resistance. [33] It is of notice that in our study group an important number of obese patients (2.5%) and even higher number of severely obese patients (5.26%) had carbohydrate intolerance. The prevalence of abnormal fasting plasma glucose in our study sample was significantly higher in obese boys than in obese girls. Other studies reported these difference among obese males and females to be not significant. [34, 35] However, our results show that the prevalence of abnormal plasma glucose 2 hours after the performance of oral glucose tolerance test did not reveal significant differences between boys and girls. Another larger cross-sectional study found significantly higher prevalence of elevated blood glucose in participants with severe obesity. [11] According to our study, the difference in the fasting blood glucose levels as well as the prevalence of abnormal blood glucose levels between children with obesity and severe obesity was not significant. Our results are in line with the findings by Rank et al., where the comparison of glucose levels as well as the prevalence of elevated glucose between children with moderate and severe obesity showed no statistically significant difference.
[31] However, differences in glucose levels were found to be significant between normal weight and overweight children. [36] Fasting glucose was not significantly higher in the severe obesity group with less than 3 metabolic risk factors compared to non-obese subjects, but showed statistical difference in the severe obesity group with more than 3 metabolic risk factors. [30] Non-alcoholic fatty liver disease (NAFLD) is the most common pediatric liver disease, but also one of the possible complications secondary to obesity. [37] One study showed that 10% of children with obesity have elevated ALT levels. [38] In our study, 53.91% of obese children had an abnormal level of ALT. Schwimmer et al., recently pointed out that ALT levels for screening NAFLD in obese children were set too high. Using the newly derived thresholds, the sensitivity for NAFLD detection has increased significantly [20] . The use of ALT as a screening tool is encouraged in the early detection of NAFLD in children and adolescents with obesity. [39] Children and adolescents with severe obesity from our study showed higher prevalence of abnormal ALT compared to the children and adolescents with obesity, although this was not statistically significant. This finding is in accordance with the findings of Salvatore et al., where children in obesity class II and III had prevalence of abnormal ALT two times higher than children in obesity class I. [13] Also, it has been shown that severely obese children that have more than 3 metabolic risk factors have significantly higher values of ALT. [30] The ALT level in our study was significantly higher in obese boys than in obese girls. This gender specific difference could be explained by the existence of different cut off values for АLT in boys and girls. The prevalence of abnormal ALT levels in both, obese and severely obese children and adolescents in our study was remarkably high. A more comprehensive study on the gender specific association of ALT with various metabolic parameters found higher proportion of obese children with elevated ALT levels, particularly in boys. Boys with higher levels of ALT have been associated with higher waist circumference. This is again due to the normally low levels of adiponectin in boys, which is, on the other hand, associated with higher waist circumference. [40] Studies on larger cohort size, follow-up on obesity patients are needed to further advance the knowledge on obesity and consequences in children and adolescents.
CONCLUSIONS
There was a significant elevation of ALT, triglycerides and total serum cholesterol in all study participants. High serum lipids and high hepatic enzymes (as introduction in non-alcoholic fatty liver disease) are alarming. Obese children showed to have significantly higher levels and prevalence of abnormal total cholesterol compared to severely obese children. Strikingly, there was carbohydrate intolerance in an important number of patients. Treatment and education of patients and parents is mandatory. Preventive measures in the society concerning childhood obesity are necessary.
